Exposure to PM 2.5 in indoor air can cause respiratory infections. In Ouagadougou, concentrations of PM 2.5 produced in households using biomass were found to be very high by WHO standards (25 μg/m 3 for 24 hours). The objective of this study was to highlight the effect of exposure to high concentrations of PM 2.5 emitted during cooking on the prevalence of acute respiratory infections (ARI) in children under 5 years of age. This was a case-control study that took place from 16 September to 15 October 2018 in sector 15 of Ouagadougou. The sample size was 125 cases and 250 controls. Data collection was carried out using a grid, by two nurses, at the CSPS in sector 15 and in households. The cases were children diagnosed with ARI and the controls were children diagnosed with a diagnosis other than ARI. The data were entered using Epi data software and analyzed using Stata 12. The associations were expressed in Odds ratios and their confidence intervals were estimated at 95%. The results showed that the use of biomass in indoor kitchens in residential buildings was linked to the occurrence of ARI in children under the age of 5. Living in a house with several bedrooms was a protective factor. This would be explained by the better ventilation within these households.
Introduction
The combustion of biomass produces pollutants that are potentially harmful to human health. PM 2.5 and carbon monoxide (CO) are the pollutants generally reported in the literature [1] . The main sources of indoor air pollution are the use of wood for meal preparation [2] [3] [4] . In the city of Ouagadougou, 60% of the households use biomass (coal and/or wood) as fuel in the cooking of their meals. This biomass is used with improved and/or traditional stoves. Compared to the WHO 24-hour limit of 25 μg/m 3 , concentrations of PM 2.5 produced in households were found to be very high under some conditions of meal preparation such as [5] [6] : i) In outdoor kitchens (110.69 μg/m 3 ), ii) In households using the Traditional stoves and wood (95.69 μg/m 3 ), iii) In households using wood (62.54 μg/m 3 ), iv) In households using improved stoves and coal (27.62 μg/m 3 ). Health problems due to exposure to high concentrations of PM 2.5 are mainly related to the respiratory system. The most common pathologies are: asthma, acute respiratory infections, chronic respiratory infections (chronic bronchitis, chronic obstructive bronchopathy) [7] [8] . Despite the high exposure of children in some households to high concentrations of PM 2.5 , few studies have examined the adverse effects of this exposure on their health. The objective of this study aimed at determining the effect of exposure to high concentrations of PM 2.5 emitted during meal preparation on the prevalence of acute respiratory infections in children under the age of 5.
Study Materials and Methods

Type of study
This is a case-control study carried out from 16 September to 15 October 2018 in district 15 of the city of Ouagadougou.
Field and study population
District 15 of the city of Ouagadougou, one of the two districts covered by the Ecosanté project's intervention zone.
Two-thirds of the dominant habitats were common low-rise courtyards and houses built with temporary materials (78%). Meals were cooked once a day in 69% of households, using traditional or improved stoves in 45% of households, and consuming wood or charcoal in 60% of households. The places where meals were cooked were mainly inside the family home (40.46%) and outside the family home, in a separate building (19%) or outdoors in the yard (38.82%). In most households (90%), children who are not yet in school are looked after by women who are in charge of cooking meals [9] .
The Health center of district 15 is part of the Sig-Noghin health district, for which the CMA is the reference center.
Its health area was located in the 3 rd and 9 th districts of the city Ouagadougou. Indeed, it includes district 15 
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On a daily basis, curative care is provided by nurses in two rooms. An average of 5000 curative care consultations is carried out per month.
Sample
Two groups of children were formed from children under 05 years of age received in a curative visit at the health center (CSPS) in district 15. The first group included children who were diagnosed with ARI by health workers. The second group included children with a non-ARI diagnosis. The sample size was calculated using StatCalc from Epi info 7.2.2.2.6. Considering the following parameters: power=80%, number of controls for a case: 2, percentage of exposed controls: 40%, OR=2. The sample size is 323 children, including 108 cases and 215 controls. Considering 15% refusal, the sample size becomes 375 or 125 cases and 250 controls. All children who were admitted and satisfied with the inclusion criteria, in whom the parents agreed to participate in the study, were concerned. Children were included as they were included until the required sample sizes were obtained.
Case definition
The case of ARI is any child under the age of 05 years who received a curative consultation at the health center (CSPS) in district 21 during the survey period and for whom the diagnosis was a respiratory infection. The definition of respiratory infection was in accordance with the WHO definition: Acute respiratory infections (ARIs) are diseases affecting the upper or lower respiratory tract, usually of infectious origin and can take very different forms, ranging from asymptomatic or benign to severe or fatal, depending on the pathogen and factors related to the environment or to the host. The respiratory tract, including the nose, throat, larynx, trachea, bronchial tubes, bronchioles or lungs.
The diseases ranging from common colds to ear infections, sore throats, bronchitis, bronchiolitis and common pneumonia, sore throats, bronchitis, bronchiolitis and pneumonia [10] .
Definition of controls
The witness in our study is any child under the age of 05 years who received a curative consultation at the health center (CSPS) in district 15 during the survey period for who was not diagnosed with an acute respiratory infection.
Inclusion criteria
The inclusion criteria were:
 For cases: Two main criteria were considered: 1) live in the study area and 2) have no other pathologies outside the ARI in order to minimize diagnostic bias  For controls: Live in the study area, do not show symptoms of ARI for 14 days before data collection.
Data collection techniques
Data on children's respiratory health were collected by a pair of two investigators holding the State Nurse diploma, 
Journal of Environmental Science and Public Health 301
workers on the curative consultation team. For each child in the sample, interviewers visited households in the afternoons and collected information about the households, the conditions for cooking and the family environment in which the children live. To this end, a data collection grid has also been developed. The information thus dealt with: types of kitchens, types of households, types of fuel, the time the meal is cooked daily in the household, the type of housing, the number of people living in the household, the number of bedrooms, the number of children under five years old and the identity of the person looking after the child.
Data analysis
The data were entered using Epi data software and analyzed using Stata 12. A comparison of the two groups of children was first done to ensure that they are homogeneous on Age and Sex. A description of all the variables was then done after. Proportions were used to describe qualitative variables and quantitative variables were described using averages, with astandard deviation or medians, and interquartile spaces. The frequencies of exposure to risk factors were calculated for each group. In the bivariate analysis, the estimation of the Odds Ratio to measure the association between the IRA and each risk factor studied was performed. In multivariate analysis, a logistic regression model was used in a step-by-step, bottom-up procedure. The likelihood ratio test was used to compare successive models and the adjustment of the final model was verified before reporting the results. The associations between the dependent variable and the independent variables were expressed in Odds ratio (OR) and their corresponding confidence intervals (95% CI) were estimated.
Description of the study variables
In addition to the independent variables already discussed in our previous article [9] , the following independent variables have been added:  Protection against cold and wind: The investigators observed the clothing of each child. Children who wore at least two layers of clothing were classified as "well protected from the cold and wind". The others were classified as "insufficient protection against cold and wind".
Results
A comparison of the two groups according to the age and sex of the children is presented in Table 1 . 
Practices for protecting children from the cold, wind:
The practices of humidification of the nostrils with shea butter are found in 100 cases (80%) and 218 controls (87.20%). As for the wearing of at least two layers of clothing, it was found in 42 cases (33.60%) and in 77 controls (30.80%). 
Meal cooking practices:
Bivariate analysis
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The results of the multivariate analysis according to the selected model are shown in Table 4 . 
Group
Discussion
Socio-demographic characteristics of children and ARIs among children under 05 years of age: The data analysis did not find an association between ARI and the socio-demographic characteristics of children. However, other authors had found that the occurrence of acute respiratory infections in children under 5 years of age was associated with the age of the children, particularly those under one year of age were the most at risk [11] [12] [13] . The same is also valid for the child's sex, which has been found by many authors, as one of the determinants of respiratory infections.
The male sex being most at risk of developing respiratory infections [14] [15] [16] .
Characteristics of children by immunization and nutritional status
The routine immunization program in Burkina Faso includes five different vaccines for the prevention of nine pathogens: (1) BCG against tuberculosis, (2) oral polio vaccine (OPV), (3) pentavalent vaccine against diphtheria, tetanus, pertussis, hepatitis B and Haemophilus influenzae type b (Penta), (4) yellow fever vaccine, and (5) anti-MV vaccine [17] . The analysis of the results of our study did not show any association between the child's immunization status and the prevalence of ARI. However, other authors have found that partial immunization is a risk factor for the development of ARI in children under the age of 5 [18] [19] [20] .
Child nutritional status and occurrence of ARIs
An association between the prevalence of ARIs among children under 05 years of age has not been found by our study. This result does not correspond to those of other authors who had found that nutritional deficiency was associated with decreased lung function in children [21] [22] . Thus, micronutrient deficiency is a risk factor for acute respiratory infections [23] [24] [25] .
Practices for protecting children from the cold, wind
The shea butter is rich in vitamins A, E and omega 9. Among its properties, it is effective against skin dryness and protects the skin against sunburn [26] . It is commonly used to prevent respiratory infections, by wetting the nostrils 
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to retain dust and prevent the deposition of germs in the nasal tract. Data analysis did not find an association between this practice and the prevalence of ARI in children under 05 years of age. A statistically significant association has not also been found between the protection of children through the use of several layers of clothing and the prevalence of ARI.
Meal cooking practices
In the bivariate analysis, a statistically significant association was found between meal cooking frequency and prevalence of ARIs (OR: 1.640, p=0.047). This association was not found in the multivariate analysis. However, others found that the increase in exposure time to high PM 2.5 concentrations was associated with ARI. Indeed, a study in Bangladesh indicated that every hour that PM 2.5 concentrations exceeded 100 μg/m 3 was associated with a 7% increase in the incidence of ARI in children aged 0 to 11 months [27] . Reducing exposure to PM 2.5 then involves reducing the frequency of cooking meal. In the multivariate analysis, another association with ARI in children under 5 years of age was found. This was the use of biomass for cooking meals in indoor kitchens (OR=3.792, p=0.044).
Similar results were found in a multi-country study conducted in 2015 [28] . In internal kitchens, the lack of a smoke evacuation system for the combustion of biomass would lead to the circulation of polluted air in all rooms.
Insufficient ventilation of the bedrooms would favour a high concentration of particles in them. Thus, all room occupants would be exposed to the adverse effects of particulate matter on their respiratory health [29] [30] [31] [32] [33] .
Sociodemographic characteristics of households
Children living in residential homes with more than 03 bedrooms were less likely to develop an ARI compared to those living in residential homes with only one bedroom (OR: 0.383, p=0.013). Several authors have also demonstrated this link between housing type and ARIs. Indeed, children living in high quality housing are less likely to develop ARIs related to indoor air pollution [33] [34] [35] [36] . This would be explained by better ventilation, but also by a trend towards the use of less polluting fuels in these households, which are considered to have access to financial resources for less polluting fuels. The presence of a smoker in the household has not been identified as a risk factor for the development of ARIs in children under 5 years of age. However, several authors had demonstrated this association [37] [38] . Household size, number of children under 5 years of age, child's playgrounds and maternal education level were not also found to be significantly associated with the prevalence of ARIs. However, several studies have shown that these socio-economic factors are related to the prevalence of ARI in children under the age of 05 [23, 29, 33, 39, 40, 41] .
Conclusion
The objective of the study was to demonstrate the association between exposure to conditions of high indoor air PM 2.5 concentrations due to biomass combustion and the prevalence of ARI in children under the age of 5 in households in district 15 of the city of Ouagadougou. The results showed that the use of biomass for cooking meals in indoor kitchens in residential buildings was a factor that favoured the occurrence of ARIs in children under the age of 5. In addition, living in a house with several bedrooms was a protective factor against ARIs. This is linked in
